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Cockpit development in the Crew integration & Automation Testbed 
advanced technolo^ development program 

B.E. Brendle, Jr.* 
U.S. Army Tank Automotive Research Development and Engineering Center 

ABSTRACT 

llie US Army has been evolving advance cockpit desigis for &ture gcamd mmbat vdiicte ihrou^ a series of 
technoli^ develq)inent pr^mis^t tegan in the early 1990s. The currant effort, the Crew-intepatioti & Automation 
Testled (CAT) prop-am, is fwused on providing direct transition to the next gmwation of Army vdiicles. Ms japw 
descrite the cockpit concept, its evolution, and flie expaimentation plan.. 

K^wor^! K^words: cockpit, a-ew station, inter&ce, ctmr reduction, 

1. iPfmoDucnoN 
Hie CMef of Staff of the Army tos devel(^>ed and iniblish^ a vision to fransform ite fwc^ to inorrase the Army's 
r^ponsiveness. The Army Vision stat« that its *%pectrum of likely operatiais describe a need for land fwces in joint, 
cwnbin^, and multinational formations for a vffl-i«*y of missions extending from hummttarim assistance and disarttt 
relief to pmcekeeping and pracanaking to major flitter wars, including conflicts involving the potential use of weapons 
of mass d^truction. The Army will be r^wnsive and dominant at every point on that spectrum. We will provide to flie 
Natiai an wray of dqjloyable, agile, versatile, lethal, survivable, and sustainable formaticMis, whidi are affordable and 
capable of reversing the omditions of human suffering r^idly and r^olving conflicts decisively."' 

The Army has partnered with the Defense Advanced ftojects Agmcy 03ARPA) to meet this requiremmt in the Future 
Cantat S^tems p-ogtam. TTie j^opam's g«ls are to improve Imd force lethality, protertion, mobility, deployability, 
sustainability, and command and control capabilities, "TTie 
Future  Comlrat   Systems  (PCS)  prog-am  will   develop 
netwffl-k cenfric concepts for a multi-missiai ccmilmt system 
tiiat will be overwhehningly lethal, irtrateglcally deployable, 
self-sustaining and highly survivable in combat through the 
use of an ojsetnble of manned and unmanned g-ound and air 
platforms.    An FCS-equipped force will be capable of 
providing     mobile     -network©!     conunan4     control, 
communication    and    computer    (C4)    fimctiaialities; 
autonomous robotic systems; precision direct and indirect 
fires; airborne and pound orpnic saisor platforms; and 
precision,   three-dimensional,    air   defense;    noo-ledial; 
adverse-weatha- reconnaissance, surveillance, targeting and 
acquisition (RSTA)."^  Tlie strategy is to quickly deploy a 
hi^ly effertive medium weight force and to follow with the 
heavy force wily v^en require (Fig. 1), 

Two aspKrts of this vision directly affort cockpit d^ipi. Tlie first asp«* is dqjloyability. TTie Army Visim states a 
r^uiranent 'to put combat force my^ere in the wwld in 96 hours after liftoff - in Wgade combat teams for both 

Time 

Stability and support qjerations and for warfi^ting. We vnll build di^ capability into a momaitum that gaia^^ a war- 
the ground in 120 hours and five divisions in 30 da^,"' This requirement, combined widi existing fitting division on the grc 
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military trmsport wpabilities, g-eatly limits tiie size and weight of any componait of flie force. The objective is ftsr 
every FCS platform to he trmspated ly C-130 Hercules cargo plane, which has a cwying cai^city of less than 20 tons. 
This is in rtaric contrast to tiie Army's currait main battle took, Ae Ml Abrams, a system that is operated by four 
Mldiere and v*idi wei^s aHJroximately 70 tons, <^ie qjportimity to bridge this pp in rcquiranQits is to r^uce flie 
crew size from to two soldiers, vAidi r^ucss the interior volume required in flie vehicle. Beside making the vdiicle 
analler, volume reductions franslate to a decreaswJ wmor, v^ich results in sipiiflcant wei^t savings. 

A sa;<wid aspect of flie vision fliat impacts cockpit design is the requirement to be multi-mission capable. TTiis 
requiranent impacts the layloaite of the systems as well as the int«-faces used to intwact wifli the systems and flieir 
paylo^s. A commcm cockpit that p-ovid^ equally effective performance fw the fi^t, scout, and earner missions 
0-eatly r^hicss tfie amount of teaining roprired fy; a multi-mi^ion capable force. 

To support this effort, flie Army has fwused a portiwi of its science and technology fimds tovrard developing the cockpit 
technology required jfor FCS. Tlie Army progrmn is called the Crew integration & AutomaticM Twttei, This paper 
describe the program, tiie evolution of its codcpit design, flie cockpit itself, and the expffimaitatiai and demonstration 
schedule. 

2.    CREW INTEGRATION & AUTOMATION TESTBED ADVANCED TECHNOLOGY 
DEMONSTRATION PROGRAM 

The Crew integratiwi & Automation Testl^ (CAT) Advanced Technology Demwistration (ATD) is a U. S. Army Tank 
Automotive Research, l^velopment & Engineo-ing Center (TARDEC) pro-am focused on cockpit technolt^ for FCS. 
The goal of the CAT ATD is to demcmstrate a multi-mission capable two-man crew station concept, integated into a C- 
130 tranqjwtable chassis. Ihe p-<^am focie^ en an improved soldier machine intwfece (SMI) and m)t<Hnated decision 
aids. Tlffou^ the develc^ment, integ«t!«i and experimoitation of tfiese advanced tedmolc^Ks, fte program will 
demwistrate sufficient tedmology readiness to transition the t^toologies to the Future Comtet Sterns (FCS) prog^m. 

Specific technologies and aigineering areas include; 
soldiw madiine interfece d^ign based on the 
Crewman's A^ociate program, indirect vision 
driving, speech recognitimi, three-dimensional 
audio, c<^itive decision aids and task aida TTie 
CAT ATD also hosts an embedded simulation 
s^tem which allovre virtual operation of the crew 
station as well as simulated training missioi 
planning and missiffli rdiearsal. Hie SMI covers 
the fi^t, scout and carrio- military operational 
specialties. In addition, the CAT SMI supports the 
command and control of unmanned systems 
opCTating in both semi-autonomous and 
teleoperation modes. ITie CAT ATD will 
demonsti-ate its two-crew concept in both frcmt-to- 
todc and side-by-side configurations within a 
Stryker platform that is C-130 transportable (Fig. 2). 

3.   EVOLUTION OF THE CREW STATION TECHNOIXJGY BASELINE 

The US Army has been evolving advanced cwkpit ctmcq»ts since the early 1990s. Ihe initial con<»pt was develqjed in 
the Crevnnan's Associate ATD. Hiis two-man wwkpit was developed by a team of goverrmient and contrartor 
engin^is, led by a tmm of human fectors enginews with experience developing rotorcraft cockpits, ITie gml of the 
prop-am was to ^velop an advanced cockpit for a firture tank tiiat cwild be fields with t«imologies available in 2W5. 
Key features of the codcpit vAere idmtical crew stations, cojter-mountol yoke, multi-ftinctiai displays, indirect vision, 
speech r^ognitiwi aid three-dimensi<mal audio.  A simulator of the ccwkpit desipi -^ was built using commercial 



hardware md tested statically using active duty soldiere (Fig, 3). 
Test rraults from the &ewmffli's Associate experiments, both 
objective data collection and subjective comments from the 
solider operators, validated key aspafe of the desigi and the 
foUovring dwign guidelines: 

• All comlmt-critical iRinctions must be locatwl on the 
primary confroUw. 

• All aitical informaticm mmt be located in the primary 
vision zone. 

• Maximize one-stq) fimctions, i.e, single actuation to 
selwt target, slew gun, zoom image, perform 'friend or 
fi»' quay, and laser dwipiate, 

• Provide a consistent mental model amongst subsystems 
to reduce eiTws during hi^ workload or high stress 
situations. 

pim^^^pp^'v 
'    ^WM i^^^ft     ^uf^   ^^^H- 
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Figare 0. Crewman's Ai^Kiciate Simulator 

Tliese key fratures and design guideline were thai carried 
forward to the Vetronics Technology Testbed (VTT) p-<^ram. 
Hie goal of the VTT p-ogram ^as to test key feature of tiie 
design in a real vehicle system. In suppwt of the Future Scout 
and Calvary System program, the desigi was modifi«l to meet 
the requirements of a scout missioi as qjposed to the 
Crewman's Associate tank mission. The size of the station 
Cfflnponents was restricted so that the stations could fit front-to- 
tedc or side-by-side within the tack of a M2 Bradley armorwi 
fighting vehicle. TTie stations wo-e implemented using 
commercial hardware integated into the vehicle, and trated 
using artive duty soldiers at Camp Grayling Midiigan (Fig. 4). 
R-imary results from these tests were soldia- feedtack on the 
interfecra, assessmoit of workload for a 2-(Tew scout vehicle 
and taseline data for indirect vision driving. Figure 0. VTT Cockpit 

Tlie CAT ATD is building upon the success^ and lessons learned of both the Crewman's Associate ATD and the 
Vetronics Technol<^ Testbed propmis to meet the objective of developmg a two-man operable, multi-missioi capable 
cockpit fliat ran be integ^ed into a C-130 transportable combat system. 

4.   CAT ATD COCKPIT 

ITie CAT ATD cockpit consists of two identical statiois feat 
were designed using die lainciples originally developed and 
validated in the Crewmm's Associate p-ogram and iie lesson's 
Iramed from multiple simulation expa-iments aid field testing 
of crew stations (Fig. 5). ITie stations have a center-moimted 
yoke that allows the user to access all CMnbat-critiral fimctions 
without taking flieir hands off of the yoke. Hiree color flat 
panel displays allow ccmtrol of and access to all vehicle 
systems. A suite of mechanical switches are used to control 
piarded fimcticms, such as master powa- or weapon arming, 
and me used to configure the informatioi presented <HI die flat 
panel displays. In addition to die displays and yoke, the 
stations have speech recogniticm rapabilities and will have 
Ihree-dimmsional audio. 

FipireO. CATCockp 



Hie primary screens are built from 20,1" displays 
manufectured by Sharp and qjerated in portrait mode. TTiey 
have iie following diaractwistics: 

• 1600 X 1200 pixels rraolutioi 
• +/- 85° viewing angle 

Figure 0. CAT Scrwn Areas 

Figure 0. Sample CAT Displays Layout 

•    350:1 contrast ratio 

The displays have touch screens, allowing soft buttons to be 
used for nai-cyitical teks. TTie interfece draign restricts the 
soft buttons to file outer 1,5 indies of the display, leaving an 
18" diagonal wm for data presentation tlat will not l» 
smudged 1hrou# use of the ajft buttcms (Fig. 6). This area 
will remain clear fw infonnatiai which require high level of 
diwarimination (e,g. maps). 

Tlie displaj^ are split-window capable, allowing a total of 
six display areas to be available to the operator at any time 
(Fig. 7), Hie opCTator can access screens to control his own 
vehicle (setup, indirert driving view, driving console, target 
acquisitiwi, target queue, etc.). He can also access scrrens 
designed to help him manage immanned assets (robotic 
vehicle control, status, mission plmning, ra»nnaissance, 
direct fire, mid mdirect fire). A final ^ of screens enable 
command mid control activities (incraning and outgoing 
mrasages,    interactive   map    control,    and   tattlefield 
visualization).   Eadi qjaatw is able to configure their 
^a-eens to m^ Iheir current mission tasks according to their p-eferences. Fc* example, when driving throu^ indir^ 
vision, flje upper porticm of each display is dedicated to imagwy from day and ni^t camaas mounted to the front and 
rear of the vehicle. 

5.   EXPERIMENTATION SCHEDULE AND RESULTS 

The program's sdieAile vras develq)«i witii a focus on im>viding timely technology and data to flie TOS pt^mi. The 
test and expaimentation sdiedule includes yearly aigin^-ing field-t^ting and data coUecticMi. Qperati(Mal 
experiments, operated by active duty soldiers, were conduct^ Febru»y-Mardt, 2(K)3 md mc scheduled for February 
2006, TTi^e dat^ aUpi witii key FCS progcmn decision points. 

The experimmts in February and Mardi of 2003 occurred at 
Ft. Bliss, Texas and included a variety of assets, including the 
CAT vehicle, the Robotic Follower ATD vehicle, two 
Experimental Unmanned Vdiicles from the Army/Office of 
Ihe Secretary of Defense (OSD) Demo III pr<^am, and 
sev»al Hi^y Mobile Multipurpose Wheeled Vehicle (Fig. 
8). During the experiments, 4e CAT cockpit was tested 
using a crew of two soldiers operating missioi scenarios (hat 
were designed to contain Ae hi^est workload battlefield 
conditions. Following these qierational experimmts, critiral 
cockpit tedmologies underwent drtailed aigineering 
evaluatiai testing to quantify their performance, Th^e 
components were flie indirwt visicm (friving sj^em and the 
speech recogniticm system. Etete analysis and rqiorting on all 

Figure 0. Test Assets at Ft. Bliss 



of the Ft, Bliss tests is schwiuled to be completed by the end of April, 2003, 

By Februay 2006, additional capabilities will te add^ to tbe ojckpit for a second round of operational trating at a 
military test site. Th^ t^toologies incWe a Ihroat mio-ophone to improve speech rewgnition in noise envir<»mettts, 
fliree-dimaisional audio, improved display drivers to ino-rase the performance of the video vwndowing, a driver's aid, an 
auto-pil<rt mode, and a commander's associate, 

6,   SUMMARY 

Tlie Crew integatioi & Automation Testb^ ATD is focused on providing oivMiced interfece and autanation 
twhnologi^ required for Ae Future Comlat Systems pro^m. The Tank Autwnotive Resewch, t^elqment & 
Bigin^ring Cmter (TARDEC) is developing integrating and t^ing fljis twtoiology in a C-130 fraisfwlable vehicle to 
demonstrrte robust multi-mission capable cockpits for flie Future Conlat Systems program. The capability is teing 
matural and demoistoted successively in field experimaits torn 2003 to 2006 and will be m enabling technology for 
Ihe Army to readi its tremsformatiffli vision, 
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